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& APSTRACT
Tests perfomied on o welded stecl plate with o »tificiel deofects
1 tne fersitility of more expeditiovs methode of incpecting welds

ove:
of tanterc by: (1) Dhoprovement of ;t':di?graphlc methodz Ly X-tays or Camaa
wnvn and by, (2) voiag isotopes as raliation sources mnd © elger=lwller

s ag deteetors. )
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On the Fasla of esperirents performed on a wolded ghoel plate it was
‘el thnt the coct of radlegraphy by X-rays of 157 f£i of critienl lincur
1) en tankerg Te2 zhould not exceed 51179, nllowing a litlcral profit {or

eontractor. fith tiwce orcrators, the tine recuised for the inspection
111 =mount ho achout 25 hre 2

“y apnliecatlion of two Cobait 00 lsotcpos, ecch 2970 ue, tho wvelds
comepned could be inspected by four operators in alout 41 hr st a cost of
Toub 905 per tanker, ' i ‘

Althoueh tho feasibility of the feifer counter method was shom, 1t
. neeescary to do further devoloprent in corder to lupreove the ceoncmy of
Le pedthods ' C o et

Data on the effective aize of tho volis determined by the £ili: and
5 ‘he filmless rethod were found to Le in satinfactory agrecuent.
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FORJSVORD

Tho methods for incpectiion of wolds deseribed
in this report, uhiln not fully developnd, appear
prasisine, It aprears feasiblo to Jevelop a {iln-
loss method of weld inspoction vhich would bo both
loes exponsivo and less bothersome than methodo
requiring {ilrs,

This mcamorandun is transmitted for information
purposes only. It docs not represent the official
vieus or final judgmont of the Naval Ordnance Test
Station, and the Station assumes no responsibility
for action taken on tho basis of its contents.

P. A. LONGUELL ‘
Head, Explosives Department
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INTRODUCTION

At the meeting of the Defenaac Conferonce on Nondestructive Testing,
Washington, D.C., 19 through 20 Novomber 1952, the problem of testing wolds
on tankors T-2 was submitted by LCDR M, Hinkamp, Bureau of Ships, Becauso veory
catastrophic failures on two tankers T-2 occurred recently, the most urgent and
nreosing requirement was to prevent such failures. It is assumed, according to
ICDR Hinkamp, that one of the vital causes of fallures 1s the wolde in the nid=~
ship structures. Seven butt joints in the midship portion totaling more than
15" ft of linear weld are considered critical. At prosent these joints are
radiographically inspected during the 5-day overhaul of a tanker in dry dook.
The cost of such an inspection is in the neighborhood of $5000 using gamma
radiography vith two sources and a team of four men working at odd hours.

As a member of the radiographic panol of the Defense Conference the
author volunteered to investigate a filmless technique using a welded steel
plate with artificial defects. Subsequently, the author conducted experiments
at the Naval Ordnance Test Station, Inyokern, Salt Wells.Pilot Plant, in order
to find an expeditious filmlees test method.

'DiscussIon

GENERAL

. A welded steel plate 1 in. thick with artificial defects was supplied
t(>y Naval Sh%pyu-d', Long Beach, Califarmia, and vas used as a test object.
s.. ?180 1 "
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Fig. 1. Identification of defects in the welded steel plate,

1




T 1760
ADTON (APHIC VFTHOD
Since it was important to identify the actual locatlon nnd extent of
the artificial defects, the weld was radiographed and a film was obtained
(see Fig. 2 which is a contact print of the original film).

The applied technique was:

1adiation source: GF 250 VP Industrial X-iay
Equipment

Tvbe voltage: 250 KVP

Tube current: 1N A

Source~film-distance: 36 in.

Fxposure time: 3 min

Yetal X-rey film cessette loaded with: 0.M5 Pb, filn, £ilm, 2.795 Pr

Film type: DuPont No. 5%

Developing tire: . 8 min at 68°F

Although the quality of the film avpeared very satisfactory, the use of
X-ray equipment on ships (even if mobile) is probably difficult as comp.red
with a radioactive isotope; therefore, a jammapraphic technique was established
also, The pammagraphic method Shosen employed the most modern techniques for
reduction of the exposure timel), The drastic reduction in the exposure time
was obtained by the application of high-speed intensifying (caleiur tungstate)
sereens, In order to reduce the Compton scatter effect on the intensifying
screens, a heavy metal filter of 0,25 in, lead was ihserted between the object
_and film cassette. The photoelectric scatter of lead was eliminated by a
brass filter.

GA' ¥AGAAPHIC METHOD

Fipure 3 is the contact print of the gamragraph which was taken by the
following techniques

Radiation sources 28" me (Equiv. to 4270 me
radium) isotope Cobalt 60

Source-{ilm-distance: 41 in,

Exposure time: 3 min

Metal cnssette loaded: Fastman Xodak "F" film

between two Patterson high
speed screens,
Developing times 6 min

The comparison of the two films, radiographic and gamragraphic, proves the
suparior quality of the radlograph. However, the gammagraph also appears
saiisfactory as to the location, relative depth, and the extent of the defects.

1) Navord Report 2666, Mfarra Ray Sources and Techniques for Gamma Ray
Andiography", 26 Feb 1953
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In order to determine the equivalent depth of the defects, measurenents
with Weston densitometer were performed on the radiograph (Fig. 2). The test
points are indicated on Fig, 2 and the corresponding densities are shown in
Tﬂble 1.

TABIE 1
Determination of Weld Thicknesses By the Radiographic Method

Test Pos, Film Log rel Fxp. Equiv., Thickness Equiv. Defect Defect in %

Noo density* (Log Ex) of welds (in.) Depth (in,) of fair weX
1 1.80 2,10 1,223 0.027 2.2
2 2,51 . 2,26 1.154 n.79 7.7
3 2,26 2.21 117 0,074 5.9
4 1.54 2,03 1,250 0.0 0.0
5 2.28 2,22 1172 n.o8 6.2
6 1.9 2,15 1,202 0.048 2.8
7 1.39 1,98 1.279 == —

* In units of density according to Hurter and Driffield..

Computaticns for the determination of the thickness of the weld are
riven in Append'x 1 to this report. The effective thickness values from
Eq. 6 of Appendix 1 are listed in Table 1 above, together with the values
for the equivalent defect depth and its value in percentage.

It is noteworthy that the maximum defect does not exceed 7.7 percent,
On the basis of this value, it can be concluded that the maximum admissible
defect of 15 percent in a critical weld can be easily detected.

GEIGER COUNTER MFTHOD

As the writer has been developing a nondestructive method for deter-
mination of densities in certain parts of SWPP product by application of
isotopes and Geiger counters, the same mothod was used to determine the
eiuivalent thicknesses in various parts of the test weld plate, Figure 4
{1lustrates the principle of the experimental arrangement. '

steel plate
source / Geiger counter

X ——~ [ ~]— to electronic
recorder

.

Fig. 4. Diagram of the principle of determination of thicknesses by Gelger

= method,. i

4
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A block diagram of the electronic system of the Geiger detector 1s
indicated in Fig. 5.

C T T T T T 7 T Cathede |
' Geiger tube follower Amplifier
! 1
| I
! = | @) =
(SR B i _____.(_11!
th
tr
Potter Chronograph " Pulse Equalizer: . re
te
' is
| : ' ra
(4) : (3) of
ot
we
Clock Gate Electric Timer
ir
tt
(5) (6) as
Fig., 5. Block diagram of electronic system of Geiger detector. At
' t}
Since a high level energy source (Cobalt 60) of high intensity (370 me)
was used, it was necessary to protect the Ceiger detector from any scattered
radiation. This was achieved by encasing the garmma source and the Geiger af
tubes (threo tubes were used simultaneously for better statistical results o
and reduction of the experimental time) in their corresponding lead containers, tl
leaving only a small bore for the radiation beam (See Fig. 6). 8

Geiger counter to preamplif

container
source container / / /

L
m - |to pre- t
amplifie 8
steel y 8 mm t
——5_—_%%5‘: 9 m. plate - L
f

11 in

o] . N, \ Gelge
. = tube
Gt - '

a IS
Fig. 6. Fxperimental arrangement of the radiation source, steel plate, and
Geiger tubes.
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The applied method is based on the phenomenon that a part of the
primary garma radiation 1s absorbed in the specimen and the tr-asmitted
part of quanta reaches the Geiger tube. In the latter the quanta cauce
ionization of the gaseous content and in discharging the Gelger tube oripg-
inate an electric pulse,

The electric pulses are counted by the Po'ter Chronoyraph., The number
of counts in the latter is set for a certain value while the simultaneous
start and stop of a counting series and of an electric or electronic tlrer
is electronically controlled so that the time required for a certain number
of pulses is determined by the timer, Consequently, there is a direct re-
Jation between the absorption of the radiation intensity in the specimen and
the recorded time. '

The positioning of the steel plate was not accurate enough to guarantee
that for every experimental point on the weld the garre ray bear will pene-
trate the latter centrally. As a result of this condition at sore experi-
rental points the recording of the absorption was not exactly rroportional
to the defect size. Since the diameter of the bore In the Ceiger container
is about 8 mm and the width of the weld abovt 3 mm, it is evident that the
radiation beam penetrated not’ only the defect on the weld, but also a part
of the solid material, Therefore, different absorption values might be
obtained as a result of any eccentricity of the beam with respect to the
weld defect.

For identification of the measurement péinta, two holes about 1/8 in,
in diameter and about 1 in. from the edpe of the plate were drilled through
the weld. The hole on the side of the plate marked "I" (Fig. 2) was used
as a reference point.

The experimental data and the computed thicknesses for the Ceiger methed
are listed in Table 2 (see Appendix 1 for additional computations on weld
thicknesses).

The valves t, are averages of two readings and are plotted in Fig., 7
against the distances from the reference hole, The corresponding test points
on the radiograph (Fig. 2) are identified by foman humerals. The values of
the film densities and Geiger counter readings expressed in seconds demon-
strate a satisfactory agreement,

The agreement between these two methods is generally satisfactory as shown
in Table 2, Columns IV and VI, The agreement is not exact as the points of the
two methods do not coincide precisely and by the densitoretric method a much
smaller area of the film is covered (about 3 mm diameter) than that covered by
the diameter of the radiation beam (about 8 mm),

—— oo s .- o v
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The applied method is based on the phenomenon that a part of the
prirary gamma radiation is absorbed in the specimen =nd the transritted
part of quanta reaches the Geiger tube. In the latter the quanta cause
ionization of the gaseous content and in discharging the Geiger tube orig-
inate an electric pulse,

The electric pulses are counted by the Po'ter Chronograph. The number
of counts in the latter is set for a certain value while the simultaneous
start and stop of a counting series and of an electric or electronic timer
is electronically controlled so that the time required for a certain number
of npulses 's determined by the timer. Consequently, there is a direct re-
lation between the absorption of the radiation intensity in the specimen and
the recorded time,

The positioning of the steel plate was not accurate enough to guarantee
that for every experimental point on the weld the garmra ray bear will pene-
trate the latter centrally. As a result of this condition at some experi-
rental points the recording of the absorption was not exactly rroportional
+0 the defect size. Since the diameter of the bore in the CGeiger container
ts about 8 mm and the width of the weld about 3 mm, it is evident that the
==iintion beam penetrated not only the defect on the weld, but also a part
-7 the solid material., Therefore, different absorption values might be
-+ained 23 a result of any eccentricity of the beam with respect to the
«21d defect.

For identification of the measurement points, two holes avout 1/2 in,
in diameter and about 1 in. from the edge of the plate were drilled throuvgh
the weld. The hole on the side of the plate marked "I" (Fig. 2) was used
=5 a reference point.

The experimental data and the computed thicknesses for the Ceiger methaod
a~e 1isted in Table 2 (see Appendix 1 for additional computations on weld
thicknesses).

The valuves t, are averages of two readings and are plotted in Fig. 7
arainst the distances from thc reference hole. The corresponding test pointe
on the radiograph (Fig. 2) are identified by Roman humerals, The values of

8, the film densities and Geiger counter readings expressed in seconds demon-
strate a satisfactory agreement.

&

ik The agreement between these two methods is generally satisfactory as shown
. in Table 2, Columns IV and VI, The agreement is not exac. as the points of the

~0- two methods do not coincide precisely and by the densiicretric method & much

1fie: smaller area of the film is covered (about 3 mm diameter) than that covered by

the diameter of the radiation beam (about 8 mm),
iper
tube!




TABLE 2
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Experirental Data of the Geiger Method and Comparison With the Radiographic Method

GEICER METHOD

RADIOGRAPHIC METHOD

I II

Distance from
Pos. No. hole (mm)

=15
1 =10
2 -5
3 0
4 +5
5 *15
+23
6 +25
7 +35
8 *45
9 +55
10 +€7
1n *65
11 +75
12 +85
13 +95
) 098
14 +115
4120
15 +125
16 +135
17 *145
18 *155
19 , +165
20 +175
' +183
21 ‘ +185
22 +195
23 +210

*Average of two readings

III
Time*
(sec)

tx

37.36
37.65
27.40
38.7
36.97

33.52
37.15
37.13
37.53

36,36
37.88
38.99
39.91

36.9%

36.43
37.51
38.26
36.04
37.59
36.51

36.96
38.95
39.55

IV

d

1.198
1.204
0

1.210
1.19

1,100
1.193
1.193
1.200

1.178
1,208
1.22¢e
1.250

1,188

1.178 -

1.2
1,213
1.170
1,202
1.180

1.190
1.23
1.2

v VI

Pos. No. of Thickness corres,
considered points to Col., IV

1 1.223
2 1.154
3 | 1.176
4 : 1.250
5 - 1.172
6 1.202
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Fig. 7. Geiger Method. Timer readings at various points of the wald.
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Since the area of the radiation beam (about & mnm) covered not only the
width of the we'? (3-4 rm) but also a part of the solid steel, it could be
oexpected that by spplication of an apprepriatve diaphraem more satisfactory
results could be ob‘ained. Preliminary experiments with a reectanpularly
ghaped diaphragm proved this assumption,

The further improvement of the Geiger method would require the develop-
ment of a ratemeter for the detector. The ratemeter would indicate the number
of transmlitted radiation quanta through the weld per unit tinme., It seems
feacible to desirn a ratemeter not requirins more handling and operating time
than the above Gelger counting equipment. Moreover, the cost of the ratemeter
equipment would be half as expensive as the scaler equipment. The ratemeter
would of course be considerably less accurate than the scaler but high a
instrument accuracy is not required for this application.

Since labor represcnts the most significant item in the total cost for
the feiger method, the increase of number of ratemeters per unit appears to
be the most effective solution for decreasing labor cost. By simultaneous
covering of a longer length of the weld during a single.examination, the
number of movements of the equipment from one weld part to another and labor
cost can be reduced considerably.

The cost estimates for the two methods are given in Appendix 2 of this
report.,

The Geiger method can be modified by positioning the radiation source
and the Geiger counter on'¥ne side of the ship wall as indicated in Fig. 6a.
By this arrangement the necessary alignment of the radiation source and the
camera with respect to each measuring position 1s eliminated. Furthermore,
if the Geiger counter and the radiation source are located outside the bulk
head, minimum interference is expected with other activities inside the ship
during overhauling of the tanker. :

1ead sheet

Steel plate

TN A
Weld

Lead
container /

Ceiger tube

lead contalner

~ .
\\ «—+——— Radiation source
N

Fig. 6a. Schematic illustration of the test arrangement for use
of charscteristic radiation of lead.

The effect of the method is based on utilization of tﬁe characteristic

radiation emitted from the radiator such as lead, uranium, etec,, in general,
of elements of high atomic number.

10




The feasibility of the method was proven by prelininary oxperirents in which
37 ne of Cobalt 67, one Gelger counter, and 172 in, steel as absorber were used.
The corresponding time indicnted by the electric timer was 430 divisions. Since
1/2 in, is equivalent to 17.5 mm, 1 mm represents roughly a variation of nbout
35 divisions (N.35 of one revolution). Considering 15 percent effective thick-
ness as the maximum permitted defect in the weld for a total weld thickness of
1174 in., a rinimum of 4.6 mm effective thickness of the weld would have to be
detected., According to the forepoing 4.6 mm represent about 1¢9 divisions (1.6
revolution) and will be easily detected, This method can be further improved hy
determining simultaneovsly the absorption in a steel standard and the absorption
of the ref{lected beam in the weld. The sensitivity of the method can be in-
creascd by combination of two Geiger counters and two gamma sources in bucking
circuit system indicating the differences of effective thicknesses in the steel
standard and weld. Because of the comparatively large time difference obtainable
with a 15 percent defect in the weld it is believed that a simple ratemeter instead
of the present scaler cnn be designed.

CONCLUSIONS

It follows from Tnble 2 that a Geiger counter reading for a single test
point covering about 3/8 in. of weld required about 1/2 min. Since with the
radiographic rethod only 3 min are required for 3 ft (36 in.) of weld, it 1is
cvident that the proposed modified radlographic method.is considerably faster
than the Gelger method, !Nowever, it is believed that the latter by further
development in the direction of. the design of a ratemeter can be made at least
as expeditious as the radiographic methed,

By positioning both the Gelger counter end the radiation source outside
the bulk head the Geiger method can be considerably simplified; therefore, it is
recommended to develop the method in this direttion. It is expected that by
application of a ratemeter the inspection cost can be considerably reduced.

As shown in Appendix 2, the cost of the radiographic method should not
exceed $1170, and with three operators the time required for inspection would
amount to about 25 hr. By the use of Cobalt 60 isotopes, inspectlon could be
performed by four operators in about 41 hr at a cost of about $985 per tanker,

11
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APPENDIX 1

. COMPUTATIONS FOR DETERMINING WELD THICKNESSES BY BOTH METHODS
RADIOGRAPHIC METHOD

The thiclkmess of the weld at any point can be determined from the
classical absorption equation.

I
_L - o-/t(d. (1)
Io

I, = the primary intensity of radiation
I) = the transmitted intensity of radiation

/L( = the X-ray absorption coefficient for steel
at the effective wavelength of the applied
radiation

d = the thickness of the weld

In the following-equations d, designates the thickness of the "fair
weld" which is assumed as 1 1/4 in. (1 in. steel plate plus two 1/8 in,
thicknesses of the weld bead) and d, the thickness of the weld at the point
vhere the film density vas determined, I, the radiation inteneity corre-

Smm to dxo ' K
I . :
® zemMlto-2d) (2)
I, .
The radiation intensities and the f£ilm densities are related to each
other by the equation
Io Eo

L =P (3)

Ix B

vhere E, and E, indicate the reapect:lvé filn "“exposures”.
By taking a logarithm of Eq. 2
log Io-logI:.-/a(do-d,) log @ = log Eo - log E, ' (1)
log Eo and log E, correspord to the film density values of Fig. 8. *

* Radiography in Modern Industry, Eastman Kodak Co., Rochester N.Y., 1947
12
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APP=NDIX 1

(Cont'd)
From Fq. 4
log Eq ~ lopg E,
Aep —~d (5)
% A lor ¢ °

The effective wnvelenpth/< eff of the applied radiation source is computed

from the equation £ eff = 12,35 ».
KV eff

It was assvmed that the applied 259 KVP corresponded to 125 KV eff;
thus, A eff & N.7988,

From the tables* the X-ray absorption coefficlent for steel was found
to be: A _
e 0.265 and 4( @ 8.x (N.265) & 2.120

In accordance with Table 1 and Fig. 4, the film density corresponding
to the "fair weld" is 1.5/ and log Eq = 2.73.

By inserting in Eq. 5 the valve 2,73 for log E, and 0.434 for log e
and using 2,54 for conversion of inches to centimeters, the equation can be

written:
Yor By (6)

w212 -55

The effective thickness valves are computed from Eq. 6.

GEIGER COUNTFR METHOD

Analagously to the computation of the equivalent defect thickness by
the radiographic rethod discussed before, the equivalent thickness of the
weld at any reasured point can be determined from the values of the re-

corded time,
In Eq. 5 the values of E (exposure) was substituted by time.

Therefore, " log to - log ty 4 -
x &

A log o e

* {landbook of Industrial Radiolory, J. A. Crowther 1949, Eidward Arnold &

Co., London
ue of Chemistry % Physics, 31st Fd., Chemical Rubber Publishing Co., 1°
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APPENDIX 1
(Cont'd)

where
dg = thickness of the "fair weld", assumed 1 1/ in,

o = corresponding time in seconls

_A{ = i-ray absorption factor of steel for Cobalt 69
radiation

log d = D.434

dyx , tx = thickness and corresponding values of time
for any point of the weld,

In order to simplify Fq. 7, the constant coeffieients were determined.

A :/u . q where éﬁ "u‘: density of steel a.n:i’/a'-,= X-ray mass
‘T . 9’ absorption factor
for steel

: assumed(; =8 gm/cm3 for steel
A
7%'- depends on the effrctive wavelength which is 1.2 meV for Cobalt 61,
The wavelength is computed from /{ s 12,35 * to approximately 0.71 1.
1,270 KV
/? for M A and steel is N.78, 4 & N.464. Since d is expressed in inches,
M log e is to be multiplied by 2,54, The final equation is:

log ty

x ® - 1.89 (8)

and the values (dy) in Table 2 are derived from this equation.

*iandbook of Industrial Radiology, J. A. Crowther 1949, Edward Arnold &
Co., london
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APFENDIX 2
COGT ESTIMATES

RADIOGRAPHIC METHOD

Film

A strip of 2 in. x 17 in, X .ray film costs about .79, Therefore,
15M-ft weld requires about 1575 ft of film tantarount to 1112 strips each
17 in, long, at a total cost of $9°2.78.

X-Ray Machine

. There are mobile X-ray machines on the market, such as Fig, 9 illustrates.:
The diameter of the tube head is only 15 in., *he length 44 in., and the
weight only 1597 1b; therefore, it can be easily positioned if mounted on a
robile cart even in difficult corners of a tanker,

[
l
i
t
l
i
|
|

The cost of the machine is about $16,700, On the aszumed basis of
1" hr lifetime and #1070 price of the tube replagenent cost amounts to

}

t

21.70 per hour. [‘
It {s also anticipated that ‘he X-ray machine will be amortized in five |

!

years and that the contractor will examine 170 cof 570 (figure taken from
reference (a))tankers during that time; thus, cost per tanker plus interest

amounts to about %270,

Dor'qroop Fquiprent

Darkroom equipment, consisting of stainless steel master tank, stainless

insert tanks 5 and 10 gal, 33 film hangers, drying tank, costs 2167.M 3
Installation and hardware 400,70 |
t

Labor |

According to the radiographic technique 3-r.in exposure can be expected
per 3 ft weld; therefore, 1570 ft require 157 min or 25 hr.

Considering a crew of four nen, during the exposure of 3 min, another
part of weld can be prepared for the next radiographic shot. One person of

the crew will process he films,

Four men each $3,70 per hour represent $370.70 cost for 25 hr work.
Total cost per examination of one tanker:

| | 16
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APPENDIX 2
(Cont'd)

Amortization of X-Ray Equipment $200.00
Cost of X-Ray Tube 25.00
Amortization of Darkroom Equipment 25.7M
Film cost 100.9
Labor cost 300.20
$650.00
Profit 450.70
Total $117.70

GAMMAGRAPHIC MFTHOD

If instead of X-rays the gammagraphic technique is used, Cobalt 60
of 20" me (equivalent to 3070 mc radium) would be required. With that
source, 3-ft weld could be gamragraphed in 3 min. It is assumed that moving
the source, positioning it in a certain place, positioning new films, and
remcving the exposed films would require approximately 3 min per exposure,
i.e. 6 min total time per 3 ft weld. With two crews and two sources, 1500
ft can be then gammagraphed in 25 hr. An additional 32 man-hours are
assumed for film processing.

Cost of isotope Cobalt 60,2000 mc $100,00

Cost of container and accessories and

photo chemical and processing equipment : 500,00
3607.7M

Two units $1200,00

Assuming that every 5 years (half-life time) a new isotope is pur-
chased, the cost plus interest per inspection would be $ 1.20

Amortization for container and accessories 12,00
Amortization for darkroom equipment 25.N0
Film cost 1n0.7M
Iabor cost: 132 man-hours, each $3.00 396.7

Total $534.20
Profit 450,00

Grand total $984.20

GEIGFR COUNTER METHOD

The cost of the Geiger counter method cannot yet be estimated accurately
because the present method will require additional develcpment work in order
to render it more economical. However, even considering the present method,
the following figures prove its more expeditious performance as compared with
the radiographic method mentioned by LCDR Hinkamp which costs $5700 per

examination of one tanker.

~




™ 1760

APPENDIX 2
(Cont'd)

It can be assumed that three Geiger counters could simultaneously
detect the absorption of three single Cobalt 60 sources, each 200 me, in
3 in. length of weld. Three sources could be located in a common container
which, in turn, is mounted on a small wheel cart. A total of 1 rin would
be required for operation and handling of the equipment. It is further

assumed that four such units could be operated simultaneoi.sly by four crews,
each crew consisting of two persons.

Under such conditions the following cost is computed per unit.

Cart ; : & 57.70
Container for three Cobalt 69 sources 201,70
Three electric timers with counters 2,00.M
Three preamplifiers and {ndicators TH0.M

T300, 0
4 units 313,6%0.79

Cost per inspection:

Four Gelger tubes cost (1 spare tube) 2 160,70
Armortization for 12 Cobalt 60 sources

(3470) each 270 me 5.70
Anortization of equipment 136.7

Labor: 1570 positioning by 4 crews of 2
requiring 1 min per one operation totaling

157 & 25 hr @& £3.N0/man-hour 6M. N0
39M.M
Profit . 9M.M

Total - $1802,00




